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(54) ntle: METHOD FOR CASINO A WELLBORE 
(57) Alnlract 

Casing (15) is installed in a well in a folded collapsed coulUion by uncoiling 
It fnm a reel (87). Two strings of tubing (27. 29) extend continuously tbioigh the 
collapsed casing. One ofihe strings ofCubing (27) is eoQoected to a cemeot shoe (19) 
attehlowerendofthecMuig. An opening tool PDii located above the cement shoe 
(19) and includes a piston (33). The other string of toMng (29) exteoda loa pressure 
chamber (35) that U between the piston (33) and the eenent shoe (19). After the 
casing (15) Is loweted with a running tool to the desired depth, cemeot is pumped 
down the flnr string of tubing (27X which flows back up the annulus suiTOunding 
the casing. A liquid is then pumped down the second tiring of tubing (29) Into 
Ihe pressure chamber (35). causing the piston (33) to push the confcal forming head 
upward (38, 39) relative id the casing (15) and dK strings of tubing (27, 29). The 

formog head (38 39) opais die casing (15) from Ihe collapsed condition into a cylindrical configuraUon. TTic ruanins tool (55) letrieves 
the stnngs of tubmg and die opening tool (3 1 ) at die condusioo of die opening and drifting proem. 
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METHOD FOR CASING A WELLBORE 

Technical Field 

This invention relates in general to installing well casing in oil and gas 
wdls and in paiticular to a method involving ^ricating and collapsing casing, running 
3 the collapsed casing into the well and opening the casing into a cylindrical 
configuration. 

Bflpkgrpund An 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together sections of pipe, each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repeated with ant^her smaller 
15 diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole from strata other than the target production strata. The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and running casing in forty foot section is time consuming. 

30 Liners are employed in some wells. A liner is similar to a casing, however, 

rather than extending completely to the surface wellhead, the upper end of the liner is 
suspended on the lower end of the previous string. Liners still must be nin by making- 
up pipe sections together and are employed usually to extend in limited lengths from 
only the smallest diameter full length casing installed. 

35 Coil tubing units permit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers it into the well as it is uncoilo) from the reel. Coil tubing is 
used to circulate fkiids into wells for various purposes. However, it is seldom used to 
serve as caang due to its small diameter. Coil tubing is smaller in diameter than 

40 typical casiiig, which have usually a nunimum diameter of five inches. It wouU require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
dBametcr or larger. 

Di$c^osurQ9f^nvemiga 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and welded longitudinally with at least one string of continuous tubmg 
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inscrt«i during the mamifacturiDg process. Alternatively circular pipe sections about 
forty feet long are welded together and strings of tubing are threaded inside The 
caang is then collapsed with the tubing located therein and wound on a small reel due 
to Its small height by comparison to its nominal diameter. The upper and lower end 
5 pontons of the casings are generally formed in a somewhat cylindrical configuration 
An opening tool is located in the lower end cylindrical portion. The opening tool has a 
piston and a conical fonning head located above the piston. A pressure chamber is 
created below the piston in the lower end portion of the casing. 

The casing is deployed from the reel and folded in a horseshoe shape prior to 
10 witenng the well. When the casing has reached the proper depth, a fluid is pumped 
mto the pressure chamber to open the casing into a cyKndrical shape 
The fluid pressure acts against the piston to push the opening tool upward This 
cau»s the head of the opening tool to form the casing from the collapsed/folded 
configuration into a qrlindrical configuration. The forming tool and the tubins are 
15 then pulled front the casing. 

Preferably, two strings of tubing are installed in the casing while it is being 
manufectuied. One of the strings of tubing serves to pump a cement slurry down 
through a cement shoe located at the lower end of the casing. The cement flows back 
up the annulus surrounding the casing to cement the casing in place. Then fluid is 
2 0 pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
IS used to expand the upper end cylindrical portion of the casing into a metal to metal 
sealing engagement with the lower end of the previously cased section of the well. In 
the preferred embodiment, this involves releasing the running tool from the upper end 
25 of the casing after the collapsed ponion of the casing has been expanded, then 
lowering the forging tool located above the running tool into the casing. Fluid is then 
pumped down to radially foiige the upper end of the casing into engagement with the 
lower end of the previous one. 

The opening tool includes a fonning head with a conical body with flutes. 
30 Balls roll along the flutes in roDing engagement with the casing wall as it is being open 
to a cylindrical configuration. The balls force the opening of the casing as they roll 
along the flutes. The balls roll from the flutes into a lower bail passage, an axial 
passage, into an upper passage, and back into the flutes in a continuous cycle. 
Alternatively, the fonraog head comprises a conical body with thin dual conical 
35 segments to inaease the forming head diameter 

Prigf Description of Drawings 

Figures lA-lD comprise a vertical sectional view of an assembly for canng a 
weD, induding a coUapsed string of casing being installed in a well along with a 
40 running tool and an opcQii>g tool. 

Figure 2 is a cross sectional view of a portion of the ninning tool of the 
assembly of Figures lA-lD. taken along the line 2-2 of Figure IB. 

Figure 3A is 8 sectional view of another portion of the runnmg tool of the 
assembly of Figures 1 A*1D, taken along the line 3-3 of Ilgure IB. 
45 FtgUre 3B is another sectional view of the running tool taken along the line 3-3 

of Figure IB, but showing the tunning tool shifted to a released position. 
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Figure 4 is a sectional view of an intermediate portion of the casing of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening too! of the assembly of 
Figure IC, taken along the fine of 5-5 of Figure IC 
5 Figure 6 is another sectional view of a portion of the opening tool of Figure 

IC, taken along the line 6-6 of Figure IC. 

Figure 7 is a sectional view of the cement shoe of Figure ID. taken along the 
line 7-7 of Figure ID. 

Figures 8 A and 8B comprise a sectional view of a portion of the assembly of 
10 Figure 1, shown after cementing and during the opening of the intermediate portion of 
the casing. 

Figure 9 is a sectional view of the assembly of Figure 8A. taken along the tine 
9-9 of Figure 8A. 

Figure 10 is a secUonal view of the assembly of Figure 8A. taken al(mg the Une 
15 10. 10 of Figure 8A. 

Figure 11 is a sectional view of the assembly of Figure 8B, taken along the line 
11-11 of Figure 8B. 

Figure 12 is a sectional view of the forging packers of the assembly of Figure 
I A. shown towered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into sealing and lockiiig engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one of the forging packers of Figure 12, taken 
along the line 13-13 of Figure 12. ' 

Figure 14 is a sectional view of the well of Figures 1A-1D, shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 15 is a schematic sectional view illustrating a step in manu&ctuiing the 
collapable casing of Figures lA-lD. 

Figure 16 is another schematic sectional view of the casing of Figure lA-ID, 
showing the addition of an outer layer in the case of a multiple layer casing 
30 Figure 17 is another schematic sectional view of the casing of Figure 16, 

showing the welding of the additional layer. 

Figure 18 is a sectional view illustrating one of the end portions of the casing 
of Figures 1 A-ID with a dual layer configuration. 

Ftgure 19 is a schematic view illustrating the collapsed casing of Figures 1 A- 
35 ID being uncoiled from a reel, fokled in a horse shoe shape and lowered into a well. 

Figure 20 is a flattened sectional view of the casing of Rgurc 19, shown along 
the line 20-20 of Figure 19, 

Figure 21 is a folded sectional view of the casng of Figure 19, shown along 
the line 21-21 of Figure 19. 
40 Figure 22 b a schematic view illustrating valves for controlling the flow of 

fluids to the installatton apparatus of Figures 1 A-ID. 

Figure 23 and 24 arc isometric views illustrating an alternative design for the 
openmg tool inchiding expander segments. 



45 Best Mode for Carrying Out the Invention 

Refenii^ to Rgures 1 A<ID, the well ilhistrated has a cased section 1 1 which 
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has already been ccmeatcd in place and an open hole section 13 which extends bdow 
cased section 11 to the tai^gct depth. A continuous string of casing 15 according to 
the invention is shown in place in the well with a lower end portion 15a at the lower 
end of tf^ well open hole section 13 Casing 1 5 has an intermediate portion 15b that 
extends from the lower end portion upward, typically several thousand feet, to an 
upper end portion 1 5c. Upper end portion 15c overlaps the lower portion of cased 
section II. Casuig lower and upper end portions 15a, 15c each are somewhat 
cyhndncal with axially extending corrugations 17 as shown in Figure 5. CorrugaUons 
17 are straight axially extending channels on both the inner and outer diameters of 
casing, providing inward protruding valleys 17a alternating with outward protruding 
peaks 17b. Intermediate portion 15b. shown in Figure 4, is collapsed and folded 
having a bight 18 that curves inward and touches the opposhe side, which is generBlly 
arcuate when lowered into the weflbore. 

Referring to Figure ID, a cement shoe 19 is located at the lower end of casing 
lower end portion 15a. Cement shoe 19 provides a end cap for casing 15 and is made 
of drillable material with a cementmg port 20 extending axially through it A metal 
stinger 21 engages sealingly into the upper portion of cementing port 20. Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement shirry through 
cementing port 20 which flow back up the annulus space surrounding the casing 1 5, as 
indicated by the arrows. Stmger 21 has alao some flow ports 25 which are isolated 
from conduit 23 and lead to the exterior of stinger 21 * 

A cement slurry tubing 27 extends continuously through casing 15, arxl has its 
lower end coupled to stiriger 21 for connecting with conduit 23. Similarly, a fill-up 
tubirig 29 extends continuously through casing 15 and has its lower end coupled to 
stinger 21 for delivering fluid to ports 25. Tubing strings 27, 29 are. conventional 
metal coiled tubing strings of about one inch in diameter. 

An opening tool 31 is housed in casing lower end portion 15a, shown in Figure 
1C» above stinger 21. Opening tool 3 1 includes on its lower end a piston 33. Piston 
33 is an elastomeric cup sliding seal, vrfiich has straight axially extending grooves on 
its exterior for meshing with the corrugations 17 of casing lower end portion 15a. 
Piston 33 has a packing element 33a to seal around tubing strings 27, 29, A pressure 
chamber 35 is located in the space surrounding stinger 21 above cement shoe 19 and 
below piston 33. In the running-in position, as shown in Figure ID, pressure chamber 
35 is at its minimum volume. A cylindrical metal piston head 37 extends upward from 
piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the iimer diameter of casing lower end portion 1 5a at valleys 17a. 

Opening tool 31 has a tapered or conical forming head 39 that tapers from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertica] 
flutes 41 which align with valleys 17a, as shown in Figure 5. A plurality of balls 43 
roll down flutes 41 of head 39. BaDs 43 are movable through two axial passages 45, a 
plurality of lower lateral passages 47. and a plurality of upper lateral passages 49. 
Piston head 37 initially is in a lower portion within a sleeve 48 of head 39. provkiing a 
chamber for a number of balls 43 as shown in Figure IC. When piston head 37 is 
pushed upward, until it will enter in contact with a flange 50 of head 39 as shown in 
Figure 8A, it wiU push the balls 43 upward through axial passages 45. Balls 43 move 
outward on i^per ball passages 49, down flutes 41, and back inward in tower ball 
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passages 47 to axia] passages 45 in a continuous cycle as body 39 moves upward in 
casing 15. 

Referring again to Figure IC, opening tool 31 has a cylindrical top end 51 
which has an outer diameter equal to the minimum inner diameter of casing lower end 
s portion 15a, which is measured at valleys 17a. Balls 43 will engage valleys 17a when 
contained in flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41, the diameter from one baU 43 to an opposite bail 
43 is substantially equal to the diameter between vaUeys )7a. When balls 43 are at the 
lower ends of flutes 41. as shown in Figure 8A, the outer diameter of forming tool 3 1 
10 measured from one ball 43 to an opposite bail 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end portion 15c 
Consequently, balls 43 push vaUcys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 
upward. 

15 Due to the relative stiflhcss of the casing metal wall, the intermediate portion 

15b IS opened from its folded configuration ahead of the opening tool 31, and the 
contaa between the inner wall and the opening tool 31 is made only by the balls 43 
rolling on flutes 41 of the conical forming head 39. 

Referring to Figure IB, a running tool 55 is located at the top of casing upper 

20 end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56. 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58i 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 1 7a in the upper in^de end of casing upper end portion 15c. 
Because of corrugations 17 and grooves 58, threads 57 will be discontinuous and 

25 located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylindrical exterior. Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
elongated U-shaped J-sIot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom. During running-in of casing 15, J- 

30 pin 61 wifl be at the upper end of the first leg 63a and maintained in this position by 
the weight of the casing 15 hanging on the running string connected to the inner body 
59. After casii^ intermediate ponion 15b has been opened, the weight of the casing 
15 is supported by the ntimcrous contacts witli the inner wall of the borehole. After 
opening has been completed, the operator will lower the running string 72, which 

35 lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the miming string 72 to place the J-pm 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the anrow in Figure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
peaks 17h, aUowiqg nioning tool 55 to be lowered into casing upper end portion 15c. 

40 Runomg tool 55 has a mam supply passage 64 connected to the passage in the 

lower part of packer string 69 which extends into inner body 59, A cement shiny 
passage 65 (Rg. 3A) connected to tubing string 27 is k)C8ted in running tool 55 and 
can be connected to the lower end of mam supply passa^ 64. Similariy. a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 

4 5 supply passage 64.. 

Inner body 59 of running tool 55 is connected to the packer string 69 by 
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threads. The upper part of packer string 69 features a centralizcr 70. Two or more 
forging P««*« Jl are mounted on the packer string 69 between centralizcr 70 and 
inner body 59. Forging packers 71, when supplied whh high internal pressure from a 
down hole pressure muhiplicaior (not shown), will inflate and radiaUy expand to 
5 plastically forge the upper end of casing upper end portion ISc, as shown in Figure 12 
Hydraulic passages 73, extending through packer string 69, can be connected via 
pressure mukiphcator to lower end of main supply passage 64 within running tool 
inner body 59, Paker stnng 69 is connected at centralizer 70 to a the lunniiig string 72 
which extends to the surface. Preferably, running string 72 is another string of coiled 
10 tubing approximately two inches in diameter. Packers 71 have external axial grooves 
74 which wiU align with valleys 17a of casing upper end portion 15c when papers 71 
are lowered into upper end portion 15c with the ceniralizer 70 landed on too of the 
casing 1 5c as shown in Figure 12, 

Referring to Figure 22, in the preferred embodiment, electrically actuated 
15 valves 75. 77 and 79 arc mounted in running tool inner body 59 (Fig. IB). Valve 75 is 
in slurry passage 65 and opens and closes flow to tubing 27. Valve 77 is in opening 
fluid passage 67 for opening and closing flow from main supply passage 64 to tubing 
29. Vah^ 79 is in pressure passage 73 for opening and closing pressure fluid from 
mam supply passage 64 to forging packers 71 (Fig. 1 A). Electrical valve control wires 
20 (not shown) extend through coiled running string 72 to the surface to a control panel 
A small accumulator (not shovm) supplies hydraufic fluid to valves 73, 77, 79 to open 
and close them when electrically actuated. Pumps 80 on the surface, which could be 
either cement or mud pumps are used for delivering pressure fluid down main supolv 
passage 64. '^^ ^ 

25 Referring now to Figure 15, casing 15 is fabricated by drawing a first metal 

strip 81 from a reel and bcndfaig two edges down around two laterally spaced apart 
paraUel continuous strings of coil tubmg 27. 29. As shown in Figure 16, the edges are 
bent over and welded at seam 82. The upper side is bent into a concave shape 
touching seam 82, while the lower ade is flat. Then, a second strip 83 is drawn from a 

30 red and bent to have upturned edges. As shov^m in Figure 17. second strip 83 is then 
bent by rollers around first strip 81 while first strip 81 is in the configuration shown in 
Figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Figure 20. Casing 15 thus is double-walled and has a flat side 85 that extends 
between parallel tubing striiigs 27, 29, generally tangent to outer diameter portions of 

35 tubing strings 27, 29. 

The use of two walls for casing 15 reduces the amount of strain that would 
otherwise occur during opening plastic deformation with a single wall casing having 
the same total thickness. Three or more wall casings might be desirable in certain 
cases. Casing made of multiple wall needs good friction between the wall to resist 
40 external pressure. Known friction enhancing techniques such as suifiice stampmg, 
surface treatment or coating are desirable to offer adequate external pressure 
capability when open. Also the circumference of the external wall can be made slightly 
smaller than the previous one to oflFer adequate firetting of the wall vrfien casing is 
open. 

45 Casing 15 wiU be coUed on a reel 87 (Fig. 19) while m the configuration shown 

in Figure 20. Reel 87 is a large member capable of holding up to 5000 feet of casing 
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15 which has a 5-1/2 inch external diameter when expanded to a cyKndricaJ 
configuradon. F«ure 18 iMu«n.tes cornigations 17 which^ fonned on bX^S 
upper and bwer end portions 15c. ISa (Figs IB. ID) by a roDer cotZdng 
operation. The tipper and lower end portions 15c. 15a ranain generally^SS 
although corrugated. The straight upper and lower end portions 15c. iLZ^Z^L 
few feet » length and are not wound on reel 87 during transpor^don^X 
manufkctunng plant to the well site. 

fi,« ^^f" *'*P'°y'"8 '^"S »5 from reel 87. casing intenncdiate portion 15b will 
fir« pass throu^ a ^, of bending rolleni 89 as shown schematicallj i„ Rgure ,T 
Folding rollers 89 wQI form casing 15 from the collapsed flattened conf5«SIfn„ «r 
F^ure 20 to the folded collapsed configuration shouJn fJ^ 2? WgS.' 
1 8. and positions hibing stnngs 27. 29 closer toward each other. The maxiZTwSS 

21. IS less than the inner diameter of cased section 1 1 (Fig. 1 A). The maximum vSi 
of casmg mtermediate portion I5b whUe in the collapsed flattened configuration of 
Figure 20 .sgrewerthantheinnerdiameterof cased section II. Asso^KSithe 
folding rollm 89. a grippii« and pushing mechanism 91 is employed. The foS 
pushmg mechamsni 91 is constructed generally as in a conventional cofl tubing pushing 
mechanisms. It gnps casing 15 without deformation, pulls it from reel 87 and Dush« 
u downward into the well. TTie horseshoe shape of Figure 21. resists the ^o^S" 
applied by gnppmg and pushing mechanism 91 while being pushed into the well 

Dunng installation, casing 15 will be uncoiled from red 87 and pushed bv 
mechanism 91 into the well until cement shoe 19 is close to the bottom of open hole 
s«:tion 13. The length of casing IS will be previously selected so that the upper end 

J^V!, " ^^'8 overlapping it over a 

substanual lei«th. VaWes 77. 79 are closed and vaJve 75 (Fig. 22) b open and cement 
pump 80 pumps a cement sluny 92 (Fig. 9) down the passage 64, 65 through open 
valve 75 and down cement sUiny tubing 27. As shown by the arrows in Flmffe ID 
the ceinent slurry flows down passages 23. 20 and flows up the annulus spac^ 
surrounding casiog 15. *^ 

A selected volume of cement will be pumped based on an estimate of the total 
vohimc of the annulus as if casing 15 had afa^y been opened to the cyBndiical 
configuration. Because of the collapsed rounded or horseshoe configuration of casing 
intermediate portion 15b, a much greater annulus volume initially will be present 
around casing intermediate portion 15b, as shown in Figure 9, facilitating circulation 
Cons«iuently. initially, cement 92 will normally not completely fiU the annulus to the 
top of casing upper portion 15c. During the pumping of cement, displaced drilling 
fluid, or returns, wiD flow up the corrugations 17 of the casing upper end section 1 5c 
into the arauihis surrounding running tool 55 flow by ports 60. The returns flow up 
around the foiging packers 71 and around the annulus sunounding nmning strinH 72 
to the surfice. 

After pumping the calculated vohime of cement slurry, a selected volume of 
flushmg fluid wiU be pumped down cement sluny tubing 27. The volume is selected to 
be just the amount needed to push cement slurry fiioro conduit 72, tubing 27 and 
stinger 21 into the open borehole, but substantially no more. The valve 75 is then 
closed and vaNe 77 is open. Drilling fluid is pumped down conduit 72. which flows 
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10 



15 



20 



through passa^ 64. 67 and down fill-up tubing 29. The fluid flows out ports 25 into 
pressure chamber 35. shown in Figure ID. ° 
As shown in Figure 8B. the fluid pushes upwaid on piston 33 which slides 
upward relatr« to tubing strings 27. 29. Pision head 37 pushes bali 4Tfrom the 
space m dc^ 48 upward imo passages 45. a., can be seen'^ comfSg FiS^e D 
with Figure 8A. Once u, contact with flange 50. the force Zxcd l^7«onTeS 37 
begins to push the opening tool 31 upward while tubing strings 27 29 JJJ^„ 
stationary. Due to the engagement of balls 43 with head 39 and casing low^S 
pomon I5a^ baUs 43 are forced to roll down the inclined flutes 41. pus3 ^l[aZ 

bodv * °" °^ ^ engagement with conical 

body 39 as shown in Figure 8A. Upper end 51 wiU mo^ upward into tf« 
.ntenned.a,e poijon 15b. Bafls 43 will open casing ftom the cSllapsed fouSS 
configuratK>n of Figure 9 to the cylindrical configuration of Figure lO^ng the 
casing expansion process, the annulus surrounding casing intermediate portion 15b 
decreases, pushing cement slurry 92 upward, and returns will flow up into the channel 
^aces between corrugations 17 of casing upper end portion 15cand cased seeUon 11 
Some of the cement shirry 92 wfll flow out above running tool 55 to insure a proper 
seal between casings when they will be later forged together. As forming tool 31 
moves upward, the volume of pressure chamber 35 increases. Thb process will 
continue for the entire length of the casing which could exceed several thousand feet 

. K^ri^'^'?,' "Pf«f «>«' portion 15c. At this 

pomt balls 43 will push outwaol on valleys 1 7a to round the corrugated configuration 
7 into a cyhndncal configuration in the same manner as at casing lower end portion 
15a. Fonning tool 31 wfll evemually comact the lower end of ninning tool 55 which 
protrudes a short distance imo casing upper end portion 15c; shown in Figure IB 

The nionmg tool 55 wiU be released from threads 57 by letting nimiing string 
72 go down a short distance, then pulling upward. While lowering, tubing strings 27 
29 will spiral slightly along their lengths to accommodate the compi«ssion TTie 
downward movanem of imier body 59 relative to outer sleeve 56 causes J-pin 61 to 
inove from first leg 63a to second leg 63b. When this occurs, an incremental amoum 
Of rotation of sleeve 56 occurs relative to inner body 59. This rotation, as illustrated in 
Figure 3B. causes direads 57 to disengage from the threads on sleeve 56, releasing 
35 running tool 55 from casing upper end portion 15c. Grooves 58 on outer sleeve 56 
will now be aligned with valleys 1 7a. 

The operator then again drop running string 72 to place forging packers 71 
vwthin casmg upper end portion 1 5c as shown in Figure 12. Because of the aligunent 
of axial esctemal grooves 58 and extemat grooves 74 (Figs. lA. IB) widi conugations 
17, outer sleeve 56 and packers 71 win pass downward within casing upper end 
portion 15c. Cemralijw 70 is closely ^aced to Uie inner diameter of cased section 1 1 
and will land on die upper edge of casing upper end portion 15c. Valve 77 is now 
dosed and valve 79 open (Fig. 22). Pressurized fluid is wpplied with mud pump 80 
throu^ numiiig string 72. IWs pressure which wiH be multiplied by a known pressure 
muitipHer, causes the forgmg packets 71 to inflate and plastically deform a portion of 
upper end portion 15c out into a tight grippng and seaEng engagement with cased 
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section ]1. 

The fluid pressure is then bled off to allow forging packers 71 to retract Th,. 
nouung stnpB 72 B lifted to p«D up mnning tool 55. ?ub4 s^ ^ SZ^^l 

ofrt^rr^Tr tool 31. The enL ass^^ i, ^^^r 

of the well and red back on the reel 87. Figure 14 iUustrates casing fs JC Z 

shoe and dnllmg can resume just after. Also. Figure 14 shows that cased Ld^ Tl 
may be of a conanuous expandable type instaffled as a liner to another cas^ion 
93. Cased secuon 93 >s shown to again be an expandable type installed ird.?«r 
nu^ner as described and located within a conductor 95 that^^d^t a wS 

• , ^ful^ *" alternative design for the openioc tool 3 1 wher« 

m heu of baUs on inclined flutes which circulate in a cvde e«^i aLi I • ^ 
segments 34 and 36 .ide downward from an up^r re,^?^' (^8^237^ 
fower expanded position (Fig. 24). then stop against a shoulder 38a hStef « 
bo torn of the corneal fonnang head 38. The segments 34 comprises a ^lelm 

both sides of segment 34a. two segments 34b are hinged. Scgmats 36 whS 
Z^^J '^^«P«'.1»8 nng 30 (Fig. 24) slide on its own'retaimlg 38c S2 
attadied on the corneal formmg head 38. A stabilizer 38d is attad«d ontf,e top ofT 
corupal fbrm.nB.headJ8 to prevent contact between the segments aJd Sfrt 

«aM«er 38d bend when the tool ,s pumped up allowing the segments to contact the 
casing .ntemal surface. The dual conical segments 34a. 34b «id 36 can be madeVf 
oSng'ST' '° ""^^ «^ openui^g ti^ 

™^ ^ elastomeric cup sliding seal with straight axially 

extendmg groove to fit the corrugated end straight section of the caJIg which 
comprue two parts: a metal support washer 33b which is corrugated and bonded to a 
etetomenc padong element 33c and a lip type seal 33d. Figure 24 iUustrates the 
deformalwn of the piston 33 with the support washer j3b being flattened up and 
elastomenc parts 33c and 33d deformed to cyli«|„cal exteraj^ces brtJiTfiSd 
pressure. 

invention has significant advantages. As can be seen in Figure 14 the 
difference m the imier diameters of one cased section to the next upward Led sedion 

IsL^JJ^^k!^ "l"^ This t^S 

mlS^ ^ •5'' •^'^f " ""he'. «Mo**»8 almost 

monodumetcf dnllmg. It aflows a smaller cased secUon at the top of the well for a 
grven bottom diameter and depth than pdor an wdls. Monodiamcter drilling allows 
Zi^ T- "^f' ^ '^'f^ of. and less cement to aSeve the 

same final s^ewdl. TJis method allows one to have shorter and more differem 
d^amrteranngsthanmtiiepnorart. The method can be performed without the need 
for a hoisting mast if dnlhng is done by turbine driven driU bit on coUed tubing 

While the invention has been shown in only one of its fijrms, it should be 
apparem to UtosejJdned in the art that it is not so limited, to 
cfcanges without depaituig from the scope of the imfention. For example, rather than 
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coiled tubmg niiuung stnng 72, >f a hoisting mast is available, conventional drill pipe 

accomphshri by baUs or dans down the conduit 64 to selectively close and 
pas^ges. Also, rather than elastomeric packets for expanding the casing upT«S 
pomon. other pressure actuated metal radially expandablVmembers may b^mpb^ 
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Claims 

1 An apparatus for casing a well, the improvemm characterized by the comhiaation of 
a contmuous casing (15) that is wound onto a reel (87) Into a generaMy 
collapsed configuration (Fig. 20); ""bcnwaiiy 
5 ^ deploying means (Fig. 19) for deploying the casing fiom the reel into the well; 

opening means to open in-situs the continuous metal casing from the collaosed 
configuration into a cylindrical configuration. collapsed 

10 2. The apparatus according to daim 1. wherein the opening means consists of an 

piston (33) and fonnmg a pressure chamber (35) between a closed end and thTp^or! 
located .n a closed straight end portion of the casing that is general^ ^.SriS 
means for pumping a fluid into the pressure chambt. which^acts agaSTe pisSJ 
15 (33) to push the opening tool inside the continuous metal casing (15) cau^ng thJ 
corneal fomung head (38. 39) to radially open the continuous metS caJngTs) frJL 
the collapsed configuration into a cyiindricai configuration. s u irom 

20 casmg (15) has axmlly extending corrugations (17) having a mJSnum radW 

Llt^Z^""! *° ^' «• string of tubing 

£tlS^ ^ »«>»nd 

5 The apparatus according to claim 4. wherein the opening tool (3 1) U located in a 
closed lower end portion of the casing (75a) with the pressure chamb^ (35) below it 
and the fiuid is pumped down the string of tubing (29) into the pressure chamber (35) 
actmg against the piston (33) to push the opening tool (3 1) upward. 

6. The apparatus according to claim 4. wherein there are means for pumping a 
shmy downihe tubing (27). which flows back up an amiulus surrJ^ZgL 

7_ The apparatus according to claim 2. wherein there are means on the opening tool 
(il) tor engagmg the collapsed portion of the casing in rolling contact (43) as the 
openmg tool bends the casing wall into the generally cylindrical configuration. 

8 The apparatus acccnding to daim 2. wherein there are means on the opening tool 
(3 1) for incteasuig the diameter of the conical forming head (38, 39). 

9_ The apiwatus according to daim 8. wherein the means to increase the diameter of 
the conical fijnnmg head (38) are expander dual cone conical segments (34a. 34b 36) 
located in a retracted posttion and are staggered fiirther up and in contact with the 
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conical forming head (38). 

"s^'Su'STT/m^^^ ^' -^^^'^ — Of the 

liiT^u *PP"»»"* «»'^'«n8 to claim I. wherein while the casing (15) is on the reel 
(87 . ,hc casmg has a generally rtattened configuration (Fig. 20) aril whetSn S 
deploying means (F.8. ,9) also comprises bemting means iJd,^^ t^e flTltentd 
confiBuntt.on of the casing into an araiatc generally horseshoe configSoS (Fi« 
as the casing (15) « deployed from the reel (87) and prior to ent^r into S well ^ 

29 J^w — rr"'"^'"'^ 'V^™ ' strings of tubing (27 

29) located .nside the casmg at both ends of the flattened conf5guration(Fig. 20) 

13. The apparatus according to claim 1. wherein there are- 

a ^STsT); ''^^ « generally cylindrical; 

the casing*^"* "'""'"^^ "PP*' PO^^" of 

casing iirriSu ™"™"® " """"'"^ ^""^ •''""'"8 

c.M„o ^ft^fK**""-* tool (55) from the upper end of the 

casing after the casing has been opened into the cylindrical configuration for retrieving 
the ninamg string (72) and rumung tool (55). Bumiion lor retrieving 

14. The apparatus according to claim 13. wherein there are 

at least, one string of tubing (29) located inside the casing and the opednc tool 
piston has sealing means (33a) around the tubii«. 

tool- ""^ ^ "^8 

means to retain the opening tool on the string of tubing; 

the releasable means releasing the running tool (55) from the upper end of the 

'tTT'^ ""^"^ ^'2>' °P«™"8 ^oo" (30 and the string of 
tubing(27.29)afterthecasinghasbeenopenedimocylindricalconfiguration. 

15. The apparatus a«x5ording to claim 1, wherein the well has an upper cased section 
(11). and wherem the apparatus further comprises means (71. 74) for plastically 

iSr;? t!lr:s,7[ir '"'^ -"^^ 

16. The appaiatus according to claim I. wherein the casing comprises at least two 
conccntnc sleeves (8 1, 83) in tight contact with each other. 

" J^.t^*"^ according to claim 3. wherein the eonugated casing straight end 
portion (15^ 15c) composes at least two concentric sleeves (81, 83) in tight contaa 
with each other. 
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18. The apparatus accoiding to cUim I. wherein there are: 
first and second strings of tubing (27. 29); 

a continuous metal casing (15) having an'intermediate ponion (15b) formed in 
. a generaUy fattened configuration (F.g. 20) with the first and Lond «rin« ofTubiJ^ 

contained therein and laterally spaced apart; ^ 
the casing having a gcneraUy cylindrical lower end portion {15a) 
an opening tool (3 1) located in the lower end portion which Im a piston (33^ 

and a conical forming head (38. 39); ^ 

a cement shoe (19) at the lower end portion below the piston (33) which can 
be made in communication with at least one string of tubing (27) • 

a Presaire chamber (35) in the lower end portion of the casing below the 

m^ .„H """"iJ*** '° "PP*' P<"^o» o'^'he ««ing. the fim 

"'^'""'"S »«vins "PP« ends which temunlte at S 
mnnmg tool (55); the ninning tool (55) being secured to a running string (72 Z 
lowmng the amnuig tool (55) and the upper end portion of the caing (15c) in the 
cased section of the well (1 1) and the intermediate portion (15b) and fhe lower end 
portion of the casing (15a) in the open bole section of\hc well (13) 

(n\ -nf^'^if"^"!! ^""'P'"'* cement down at least one string of tubing 

(27) and out the cement shoe to return up the annulus surrounding the casing- 

oo. • . .1. "i"^ P"™P'''8 * ''^^ '««st one siring of tubine 

S n n "'T*^ chamber, which acts against the piston (33) to push tfie opening 
TlPl [T^^"" <'^> ''♦"»8 of t"bing. causiSgihf 

'° ^ ^ wall of the inteniSdiate portL 
mto acylindncal configuration; and 

means for n^ea»ng the running tool (55) from the upper end portion of the 
casing (I5c) and remevmg the running tool (55) . the opening tool (31) and the first 

n?M? ^ ^^^l imennediate portion of the 

( 1 5b) has been opened into the cylindrical configuiation. 

1 9. A method for casing in a wellbore, comprismg: 

a reel ^^y"^^^ ' continuous metal tubular casing (1 5) and winding the casing omo 

lowering the casing from the reel into the well (Fig. 1 9) and 
oonfiguS'* ^'^^ configuration into a cyUndrical 

20. A method acconfing to claim 19. farther comprising: 

placing at least one siring of tubing (27) into the metal tubular casing prior of 
coUapsmg and winding the metal tubular casing onto a red (87)- 

™««n nSr^" * ^oc' (31) which has a 

K ^ 35>) P«>viding a pressure chamber 05) 

between the closed end portion Bid the piston (33); "^v^j 
lowering the casing (15) fiom the reel (87) into the weD; and pumping a fluid 
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casfflg from the collapsed configumion into a cylimlricaj cSnfi^ralba 
2 1 . A method according to claim 20. further comprising 

fl,».„l'!?"? T ? ^'''"8 29) into the metal tubular casing prior to 

flatterang the tubmg and wmdmg the metal tubular casing onto a reel (m 

ptaang in a closed bottom end corrugated stnught portion of the casino / 1 s,^ 
the opening tool (31) which has retracteWe oJening/driftingWl^ ^'^"^ 

flattenJl^r"*"* "T? '"'^ ^ w*" «nd bending the 

flattened configuration of the casing; and wnoing ine 

pumping a fluid down the tubing into the pressure chamber (35) which 
agamst the piston (33) to push the opening tool (31) r^TZ the 
causmg the fonmng head (38. 39) to grow to its nomiiaJ drifting di,t,s"„?o 
and drift the casmg from the collapsed configuration into a cylindrical configun«k)S 
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